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(57) In regeneration control, when the catalyst tem-
perature index temperature (Tg2) using the temperature
of the oxidation catalyst (12a) as an index is below a
predetermined first determination temperature (Tc1), the
engine speed of idling is brought to a predetermined first
target engine speed (Neil) which is higher than the engine
speed of idling (Nei0) in the ordinary operation, and, fur-
ther, multi-injection is carried out. On the other hand,
when the catalyst temperature index temperature (Tg2)
is the predetermined first determination temperature
(Tc1) or above, the engine speed of idling is brought to
a predetermined second target engine speed (Nei2),
which is lower than the predetermined first target engine
speed (Nei1) and is higher than the engine speed of idling
(Nei0) in ordinary operation, and, further, post injection
is carried out, followed by raising of the temperature of
an exhaust gas flown into a DPF apparatus (12b) to a
predetermined second determination temperature (Tc2).
According to the above constitution, in the regeneration
control of the DPF apparatus (12b) in an internal com-

bustion engine (10), the regeneration can be forcibly car-
ried out with high efficiency while enhancing the temper-
ature rise efficiency of the exhaust gas, and, at the same
time, excessive rise in the exhaust temperature, a dete-
rioration in fuel consumption, and the occurrence of noise
are suppressed.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for
controlling an exhaust gas purification system and the
exhaust gas purification system for performing regener-
ation control including an exhaust gas temperature rise
control accompanied with change of an engine speed of
idling in order to recover a purification capacity of an ex-
haust gas purification device including a DPF for purifying
components in the exhaust gas in an internal combustion
engine such as diesel engines.

Background Art

[0002] Regulations on an amount of the particulate
matter (PM: particulate matter: Hereinafter referred to as
PM) exhausted from a diesel engine as well as NOx, CO,
HC and the like have been tightened year by year. A
technology has been developed that the PM is collected
by a filter called a diesel particulate filter (DPF: Diesel
Particulate Filter: Hereinafter referred to as DPF) to
thereby reduce the PM amount exhausted to the outside.
A continuous regeneration type DPF device carrying a
catalyst is among them.
[0003] In this continuous regeneration type DPF de-
vice, when an exhaust gas temperature is approximately
350°C or above, the PM collected by the filter is contin-
uously burned and purified, and the filter is self-regener-
ated. However, if the exhaust temperature is low, for ex-
ample, if a low exhaust temperature state such as in an
idling operation, a low-load / low-speed operation, or the
like of an internal combustion engine continues or the
like, a temperature of the exhaust gas is low, and the
temperature of the catalyst is lowered and the catalyst is
not activated. Thus, oxidation reaction is not promoted,
and oxidation of PM to regenerate a filter becomes diffi-
cult. Therefore, accumulation of PM on the filter contin-
ues, and clogging of the filter progresses. Thus, there
emerges a problem of exhaust pressure rise caused by
the clogging of the filter.
[0004] One of methods to solve such a problem is a
regeneration control for forcedly burning and removing
the collected PM by forcedly raising the temperature of
exhaust gas when an amount of clogging of the filter ex-
ceeds a predetermined one. The method for detecting
the clogging of the filter includes a method for detecting
using a differential pressure at a front and back of the
filter, a method for detecting by calculating a PM amount
collected from an operation state of the engine from map
data, etc. that is set in advance, and obtaining an amount
of the accumulated PM , etc.
[0005] Then, in this regeneration control, the exhaust
gas temperature rise control is conducted to raise a tem-
perature of the exhaust gas flowing into the filter to the

temperature or above at which the PM collected by the
filter is burned. By this arrangement, the filter tempera-
ture is raised so as to burn and remove the PM and the
filter is regenerated. This kind of exhaust gas tempera-
ture rise control includes methods of fuel injection in a
cylinder (in-cylinder) such as multiple injection (multiple-
stage delayed injection), post injection (after-injection).
[0006] The multiple injection is a delayed multiple-
stage injection in which the fuel is injected into the cylin-
der in many stages. By this multiple injection, a fuel
amount simply burned in the cylinder without generating
torque is increased, and the temperature of the exhaust
gas exhausted from the cylinder, that is, the temperature
of the exhaust gas flowing into an oxidation catalyst de-
vice can be raised to a catalyst activation temperature of
the oxidation catalyst or above. The post injection is an
auxiliary injection injecting at timing further delayed from
the multiple injection after main injection in the in-cylinder
injection. By this post injection, HC (hydrocarbon) is in-
creased in the exhaust gas exhausted from the cylinder
and the HC is oxidized by the oxidation catalyst. By this
oxidation, the temperature of the exhaust gas on the
downstream of the oxidation catalyst device can be
raised.
[0007] On the other hand, there is a problem of oil di-
lution that the HC is mixed with an engine oil (lubricating
oil) by the post-injection and dilutes the engine oil. From
a viewpoint of a countermeasure to this problem, the for-
cible regeneration control is performed during idling when
a vehicle is stopped and when an operation state is sta-
ble. In this control, when the PM is accumulated in a
predetermined amount in the filter device, need of regen-
eration control of the filter device is notified to an operator
(driver) by a warning means such as an alarm lamp.
When the driver having received the notification stops
the vehicle and presses a manual regeneration button,
a manual regeneration control is started and the forced
regeneration is carried out.
[0008] The oxidation catalyst device is provided in a
front stage (upstream side) of the filter device in the sys-
tem. The HC supplied into the exhaust gas by the post-
injection is oxidized through this oxidation catalyst de-
vice. Thus, the temperature of the exhaust gas at an en-
trance of the filter device is increased so as to carry out
the forcible regeneration.
[0009] In the exhaust temperature rise, when the tem-
perature of the exhaust gas is low as in a low speed and
low load operation state, first the temperature of the ex-
haust gas flowing into the oxidation catalyst device is
increased not less than the catalyst activation tempera-
ture of the oxidation catalyst by performing the multi-in-
jection. Then, after the temperature of the oxidation cat-
alyst reaches not less than the catalyst activation tem-
perature, the post-injection is performed in addition to
the multi-injection. The HC is supplied to the oxidation
catalyst device by the post-injection while maintaining
the temperature of the exhaust gas not less than the cat-
alyst activation temperature by the multi-injection. Be-
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cause the HC is oxidized by the oxidation catalyst and
generates heat, the exhaust gas flows into the filter de-
vice at a state of a further higher temperature. The PM
accumulated in the filter device is burned by the exhaust
gas with such a higher temperature, and removed.
[0010] The exhaust gas purification devices shown in
Japanese Patent Application Kokai Publication
No.2004-143987 and Japanese Patent Application
Kokai Publication No.2005-155531, for example, have
been proposed as this example. In these devices, the
exhaust gas is kept warm by increasing the engine speed
of the engine more than the engine speed in a normal
idling and by throttling exhaust throttle means (exhaust
brake), and at the same time, a multi-injection is per-
formed when the temperature of the exhaust gas flowing
into the oxidation catalyst device is not more than the
oxidation catalyst activation temperature during the man-
ual regeneration. With these operations, the temperature
of the exhaust gas flowing into the oxidation catalyst de-
vice is increased not less than the oxidation catalyst ac-
tivation temperature. After that, the forcible regeneration
is further carried out through performing the post-injec-
tion. Or, the forcible regeneration is carried out by in-
creasing the engine speed of idling based on a detected
value of a temperature sensor that detects the catalyst
floor temperature, and additionally, by performing ex-
haust throttling with an exhaust throttle valve and an after
injection at the same time.
[0011] At this time, increase of the engine speed of
idling more than the normal engine speed is performed
in order to improve the temperature rise efficiency of the
exhaust gas. However, because the engine speed of
idling is increased to the same engine speed as that of
the multi-injection even when the post-injection is per-
formed in which the exhaust temperature has already
been increased to the oxidation catalyst activation tem-
perature by the multi-injection, there have been problems
that the fuel efficiency deteriorates due to this idling up
and that noise is generated.

Patent Document 1: Japanese Patent Application
Kokai Publication No.2004-143987
Patent Document 2: Japanese Patent Application
Kokai Publication No.2005-155531

SUMMARY OF THE INVENTION

[0012] The object of the present invention is to provide
a method for controlling an exhaust gas purification sys-
tem and the exhaust gas purification system including an
oxidation catalyst and a DPF device in order to purify PM
in the exhaust gas of an internal combustion engine such
as a diesel engine, in which a forcible regeneration can
be performed with good efficiency while increasing the
temperature rise efficiency of the exhaust gas, and at the
same time, an excessive increase of the exhaust tem-
perature, deterioration of fuel efficiency, and generation
of noise can be suppressed.

[0013] A method for controlling an exhaust gas purifi-
cation system according to the present invention to
achieve the above-mentioned object comprises: an ex-
haust gas purification device including an oxidation cat-
alyst device for carrying an oxidation catalyst and a diesel
particulate filter device in order from a upstream side of
an exhaust passage of an internal combustion engine,
or an exhaust gas purification device including a diesel
particulate filter device for carrying an oxidation catalyst;
index temperature detection means for detecting the cat-
alyst temperature index temperature that indexes the
temperature of the oxidation catalyst, and a control de-
vice for performing regeneration control based on a de-
tection result of the index temperature detection means
in order to recover a purification capacity of the diesel
particulate filter device; wherein during regeneration con-
trol when a vehicle mounted with the internal combustion
engine is stopped, a first exhaust gas temperature rise
control is performed to make an engine speed of idling
to a predetermined first objective engine speed that is
higher than an engine speed of idling in a normal oper-
ation when a catalyst temperature index temperature is
lower than a first determination temperature; and a sec-
ond exhaust gas temperature rise control is performed
to make the engine speed of idling lower than the prede-
termined first objective engine speed and a predeter-
mined second objective engine speed that is higher than
the engine speed of idling in the normal operation when
the catalyst temperature index temperature is not less
than the predetermined first determination temperature.
[0014] The above-mentioned method for controlling
the exhaust gas purification system further comprises
performing multi-injection in fuel injection control in an
in-cylinder in the first exhaust gas temperature rise con-
trol, and at the same time, performing post-injection in
addition to the multi-injection in fuel injection control in
an in-cylinder in the second exhaust gas temperature
rise control.
[0015] Further, the above-mentioned method for con-
trolling the exhaust gas system comprises: during the
regeneration control when the vehicle mounted with the
internal combustion engine is stopped, performing re-
generation temperature maintaining control in which the
post-injection is not performed in the fuel injection control
in an in-cylinder when the filter temperature index tem-
perature that indexes a temperature of the diesel partic-
ulate filter device is higher than the predetermined sec-
ond determination temperature that is higher than the
first determination temperature.
[0016] The above-mentioned method for controlling an
exhaust gas purification system comprises manual re-
generation control in the regeneration control when the
vehicle mounted with the internal combustion engine is
stopped.
[0017] Preferably, the temperature of the oxidation cat-
alyst (bed temperature) is used as a temperature for de-
termination. However, it is difficult to directly measure for
the temperature of the oxidation catalyst, and therefore,
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the catalyst temperature index temperature that indexes
a temperature of the oxidation catalyst is a temperature
that is used instead of the temperature of the oxidation
catalyst. The temperature of the exhaust gas flowing into
the oxidation catalyst, a temperature of the exhaust gas
flowing from the oxidation catalyst, a temperature derived
from both of these temperatures (average temperature,
for example), etc., can be used as the catalyst tempera-
ture index temperature. Furthermore, the temperature of
the exhaust gas flowing into the oxidation catalyst, the
temperature of the exhaust gas flowing from the oxidation
catalyst, the temperature derived from both of these tem-
peratures can be used in an AND or an OR logic using
the determination related to both of these temperatures.
Moreover, the temperature of the oxidation catalyst is
included in the catalyst temperature index temperature
referred to as herein when the temperature of the oxida-
tion catalyst can be measured for. Further, the oxidation
catalyst activation temperature of the oxidation catalyst
device (approximately 200°C to 250°C, for example) can
be used as the predetermined first determination tem-
perature.
[0018] Further, preferably, the filter temperature index
temperature that indexes the temperature of the diesel
particulate filter device (DPF device) is used as the tem-
perature for determination of the temperature of the DPF
device. However, it is difficult to directly measure for the
temperature of the DPF device, and therefore the filter
temperature index temperature is a temperature that is
used instead of the temperature of the DPF device. The
temperature of the exhaust gas flowing into the DPF de-
vice, a temperature of the exhaust gas flowing from the
DPF device, a temperature derived from both of these
temperatures (average temperature, for example), etc.,
can be used as the filter temperature index temperature.
Furthermore, the temperature of the exhaust gas flowing
into the DPF device, the temperature of the exhaust gas
flowing from the DPF device, the temperature derived
from both of these temperatures can be used in an AND
or an OR logic using the determination related to both of
these temperatures. Moreover, the temperature of the
DPF device is included in the filter temperature index
temperature referred to as herein when the temperature
of the DPF device can be measured for. Further, the rais-
ing temperature objective temperature of the exhaust gas
(approximately 500°C to 600°C, for example) can be
used as the predetermined second determination tem-
perature.
[0019] Further, the engine speed of idling in the normal
operation refers to an objective engine speed of the en-
gine speed of the engine at idling when the regeneration
control is not performed. Further, preferably, a first ob-
jective engine speed is approximately 1.6 to 1.8 times
the engine speed of idling in the normal operation, and
a second objective engine speed is approximately 1.3 to
1.5 times the engine speed of idling although it depends
on types of the engines, etc.
[0020] According to this method for controlling, be-

cause when the engine speed of idling is increased during
the regeneration control when the vehicle is stopped, the
temperature of the exhaust gas is already increased to
the predetermined first determination temperature during
the second exhaust gas temperature rise control in which
post-injection is performed the engine speed of idling is
not needed to be increased as much as it is during the
first exhaust gas temperature rise control in which the
multi-injection is performed. Because of that, the engine
speed of idling is decreased lower than the engine speed
of idling during the first exhaust gas rise temperature con-
trol, that is, the first objective engine speed. However,
because the regeneration control is being performed, the
engine speed of idling is made higher than the engine
speed of idling in the normal operation in order to improve
the temperature rise efficiency of the exhaust gas.
[0021] Thus, deterioration of the fuel efficiency can be
prevented while increasing the temperature rise efficien-
cy, and at the same time, the generation of noise is avoid-
ed, and the regeneration control can be performed with
good efficiency. That is, decrease of fuel and noise is
attained by reducing the amount of increasing the engine
speed of idling during the post-injection during the regen-
eration control more than that during the multi-injection
that is not accompanied with the post-injection.
[0022] Further, the regeneration control when the ve-
hicle mounted with the internal combustion engine is
stopped is often manual regeneration control. The man-
ual regeneration control is started at receiving an input
for instruction of the regeneration start from a driver who
is prompted for the regeneration start of the DPF device
by warning means such as a lighting lamp when a clog-
ging state of the DPF device exceeds a predetermined
state. However, regeneration control happens when the
vehicle is stopped in automatic regeneration during run-
ning, aside from the manual regeneration control.
[0023] Then, the exhaust gas purification system in the
present invention to achieve the above-mentioned object
comprises: an exhaust gas purification device including
an oxidation catalyst device for carrying an oxidation cat-
alyst and a diesel particulate filter device in order from a
upstream side in an exhaust passage of an internal com-
bustion engine, or an exhaust gas purification device in-
cluding a diesel particulate filter device for carrying an
oxidation catalyst; index temperature detection means
for detecting a catalyst temperature index temperature
that indexes the temperature of the oxidation catalyst,;
and a control device for performing regeneration control
based on a detection result of the index temperature de-
tection means in order to recover a purification capacity
of the diesel particulate filter device, wherein during re-
generation control when a vehicle mounted with the in-
ternal combustion engine is stopped, the control device
is configured so that the control device performs a first
exhaust gas temperature rise control to make an engine
speed of idling to a predetermined first objective engine
speed that is higher than the engine speed of idling in a
normal operation when the catalyst temperature index
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temperature is lower than a first determination tempera-
ture, and performs a second exhaust gas temperature
rise control to make the engine speed of idling lower than
the predetermined first objective engine speed and a pre-
determined second objective engine speed that is higher
than the engine speed of idling in normal operation when
the catalyst temperature index temperature is not less
than the predetermined first determination temperature.
[0024] Further, the exhaust gas purification system is
configured so that the control device performs the multi-
injection that does not accompany the post-injection in
the fuel injection control in an in-cylinder in the first ex-
haust gas temperature rise control, and at the same time,
performs the post-injection in the fuel injection control in
an in-cylinder in the second exhaust gas temperature
rise control.
[0025] Further, the above-mentioned exhaust gas sys-
tem is configured so that the control device performs re-
generation temperature maintaining control, wherein
during the regeneration control when the vehicle mount-
ed with the internal combustion engine is stopped, the
post-injection is not performed in the fuel injection control
in an in-cylinder when the filter temperature index tem-
perature that indexes the temperature of the diesel par-
ticulate filter device is higher than the predetermined sec-
ond determination temperature that is higher than the
first determination temperature.
[0026] Furthermore, in the above-mentioned exhaust
gas purification system, the control device is configured
so that manual regeneration control is included in the
regeneration control when the vehicle mounted with the
internal combustion engine is stopped.
[0027] With these configurations, an exhaust gas pu-
rification system that can carry out the above-mentioned
method for controlling the exhaust gas purification sys-
tem can be provided, and the same action effect can be
produced.

Effect of the invention

[0028] According to the method for controlling an ex-
haust gas purification system and the exhaust gas puri-
fication system of the present invention, in the exhaust
gas purification system provided with an exhaust gas pu-
rification device including a DPF device to purify PM in
an oxidation catalyst and an exhaust gas in an exhaust
passage of an internal combustion engine such as diesel
engines can suppress increase of fuel efficiency and
noise due to increase of an engine speed of idling be-
cause the engine speed of idling is made to be a prede-
termined first objective engine speed that is higher than
the engine speed of idling in a normal operation when
the catalyst temperature index temperature is a low tem-
perature, and the engine speed of idling is made to be
lower than the predetermined first objective engine speed
and a predetermined second objective engine speed that
is higher than the engine speed of idling in the normal
operation when the catalyst temperature index temper-

ature is high during regeneration control when a vehicle
is stopped.
[0029] Further, because the engine speed of idling that
is increased more than that of the normal operation in
order to increase the temperature rise efficiency of the
exhaust gas is decreased more than that at the time when
the multi-injection that is not accompanied with post-in-
jection when the post-injection is performed during re-
generation control when the vehicle is stopped, deterio-
ration of the fuel efficiency and noise is prevented, and
the temperature of the exhaust gas flowing into the DPF
device can be increased effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a drawing of a system configuration of an
exhaust gas purification system in an embodiment
according to the present invention.
Fig. 2 is a drawing showing one example of regen-
eration control flow when a vehicle is stopped.
Fig. 3 is a drawing showing another example of the
regeneration control flow when the vehicle is
stopped.

[0031] Below, a method for controlling an exhaust gas
purification system and the exhaust gas purification sys-
tem in an embodiment according to the present invention
will be described by referring to the drawings.
[0032] A configuration of an exhaust gas purification
system 1 according to the present embodiment is shown
in Fig. 1. The exhaust gas purification system 1 is con-
figured providing an exhaust gas purification device 12
in an exhaust passage 11 of a diesel engine (internal
combustion engine) 10. The exhaust gas purification de-
vice 12 is one of continuous regeneration type DPF (die-
sel particulate filter) devices, and is configured to have
an oxidation catalyst device 12a in an upstream side and
a filter device with a catalyst 12b in a downstream side.
[0033] Further, an exhaust brake valve 18 is provided
in an upstream side of the exhaust gas purification device
12, and an exhaust throttle valve 13 is provided in a down-
stream side thereof. Moreover, a positional relationship
of the exhaust gas brake valve 18 and the exhaust throttle
valve 13 is not especially limited, and either one may be
in the front as far as the front/ rear position is concerned.
Further, a positional relationship with the exhaust gas
purification device 12 is not especially limited. However,
preferably, the exhaust brake valve is arranged in the
upstream side, and the exhaust throttle valve is arranged
in the downstream side, considering effectiveness of the
exhaust brake.
[0034] The oxidation catalyst device 12a is formed of
a carrier having a honeycomb structure made of a porous
ceramic for carrying an oxidation catalyst such as plati-
num (Pt). The filter device with the catalyst 12b is formed
of a monolithic honeycomb wall flow type filter, etc. in
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which entrances and exits of the honeycomb channels
made of a porous ceramic are alternatively sealed. A
catalyst such as platinum and cerium oxide is carried in
the filter part. When such a wall flow type filter is used,
PM (particulate matter) in an exhaust gas G is trapped
by a wall of the porous ceramic.
[0035] Then, in order to estimate an amount of the ac-
cumulated PM in the filter device with the catalyst 12b,
a differential pressure sensor 21 is provided in a conduc-
tion pipe connected to the front and rear of the exhaust
gas purification device 12. Further, an oxidation catalyst
entrance exhaust temperature sensor (index tempera-
ture detection means) 22 is provided in an upstream side
of the oxidation catalyst device 12a, and a filter entrance
exhaust temperature sensor (index temperature detec-
tion means, filter temperature detection means) 23 is pro-
vided between the oxidation catalyst device 12a and the
filter device with the catalyst 12b for the regeneration
control of the filter device with the catalyst 12b.
[0036] The oxidation catalyst entrance exhaust tem-
perature sensor 22 detects a first exhaust gas tempera-
ture (catalyst temperature index temperature) Tg1 that
is a temperature of the exhaust gas flowing into the oxi-
dation catalyst device 12a. Further, the filter entrance
exhaust temperature sensor 23 detects a second ex-
haust gas temperature (catalyst temperature index tem-
perature, filter temperature index temperature) Tg2 that
is a temperature of the exhaust gas flowing into the filter
device with the catalyst 12b.
[0037] Furthermore, an air cleaner 15, a MAF sensor
(intake air amount sensor) 19, an intake throttle valve 16,
an intake temperature sensor 29 to detect an intake tem-
perature Ta, etc., are provided in an intake passage 14.
The intake throttle valve 16 adjusts the amount of intake
air A entering an intake manifold.
[0038] Output values of these sensors are input into a
control device (ECU: engine control unit) 30 that performs
general control of the operation of the engine 10, and at
the same time, also performs the regeneration control of
the exhaust gas purification device 12. The intake throttle
valve 16, a fuel injection device (injection nozzle) 17, the
exhaust gas brake valve 18, the exhaust throttle valve
13, an EGR valve (not shown in the figure), etc. are con-
trolled by control signals output from a control device 30.
The EGR valve is provided in an EGR passage together
with an EGR cooler, and adjusts an EGR amount.
[0039] The fuel injection device 17 is connected to a
common rail injection system (not shown in the figure)
that temporarily stores a high-pressure fuel whose pres-
sure has been increased by a fuel pump (not shown in
the figure). Information of the vehicle speed, the coolant
water temperature, etc. is input as well as information
such as a degree of an accelerator opening from an ac-
celerator position sensor (APS) 24 and the engine speed
of the engine from an engine speed sensor 25. An ener-
gizing time signal is output from the control device 30 so
that a predetermined amount of the fuel can be injected
from the fuel injection device 17.

[0040] Further, in the regeneration control of the ex-
haust gas purification device 12, a flashing light (DPF
lamp) 26 and an alarm 27 that are warning means and
a manual regeneration button (manual regeneration
switch) 28 are provided so that a driver can arbitrarily
stop the vehicle and perform the regeneration control in
addition to performing automatic regeneration during
driving. With these warning means 26 and 27, the driver’s
attention is drawn when an amount of the trapped PM in
the filter device with the catalyst 12b exceeds a fixed
amount and the filter device with the catalyst 12b is
clogged.
[0041] In the control of the exhaust gas purification sys-
tem 1, the PM is trapped during normal driving. In the
normal driving condition, whether it is time for the regen-
eration or not is monitored, and a warning or the auto-
matic regeneration during driving is performed when it is
determined to be the time for the regeneration.
[0042] Then, the regeneration control of the manual
regeneration and automatic regeneration during driving
is performed according to a control flow exemplified in
Figs. 2 and 3 according to the present embodiment. In
Fig. 2, the second exhaust gas temperature Tg2 detected
by the filter entrance exhaust temperature sensor 23 is
used as the catalyst temperature index temperature that
indexes the temperature of the oxidation catalyst (bed
temperature). When the second exhaust gas tempera-
ture Tg2 reaches not less than a predetermined first de-
termination temperature Tc1, unburned fuel is supplied
to the upstream side of the oxidation catalyst device 12a
with post-injection. Further, the second exhaust gas tem-
perature Tg2 detected by the filter entrance exhaust tem-
perature sensor 23 is used also as the filter temperature
index temperature that indexes the temperature of the
filter device with the catalyst 12b. When the second ex-
haust gas temperature Tg2 reaches not less than a pre-
determined second determination temperature Tc2, the
regeneration temperature maintaining control is per-
formed with multi-injection without performing the post-
injection.
[0043] When the control flow of Fig. 2 starts, whether
it is the regeneration control while the vehicle is stopped
is determined at step S11. When it is not the regeneration
control while the vehicle is stopped, it is returned without
carrying out the regeneration control, and the normal driv-
ing control or automatic regeneration control during driv-
ing are performed. Further, when it is the regeneration
control while the vehicle is stopped at step S11, it pro-
ceeds to step S12.
[0044] In the case of manual regeneration, whether it
is the regeneration control while the vehicle is stopped
or not is determined to be the regeneration control while
the vehicle is stopped. In this case, the driver who is
prompted to perform the manual regeneration by the
flashing light 26 stops the vehicle and operates the man-
ual regeneration button 28. Further, when it is the auto-
matic regeneration during driving, it is determined to be
the regeneration control when it is detected that the
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amount of the trapped PM of the filter device with the
catalyst 12b exceeds a fixed amount from the detected
value of the differential pressure sensor 21. When the
vehicle is stopped during the regeneration control, it is
determined to be the regeneration control while the ve-
hicle is stopped. Moreover, cases until the driving is
stopped and after the driving is started are excluded from
the regeneration control while the vehicle is stopped.
[0045] The first determination temperature Tc1 is cal-
culated at step S12. The first determination temperature
Tc1 is a temperature (for example, approximately 200°C
to 250°C) in which HC that is a unburned fuel supplied
by the post-injection is oxidized sufficiently in the oxida-
tion catalyst of the oxidation catalyst device 12a when
the second exhaust gas temperature (catalyst tempera-
ture index temperature) Tg2 that is an exhaust gas tem-
perature detected by the filter entrance exhaust temper-
ature sensor 23 reaches that temperature. Further, the
first exhaust gas temperature Tg1 detected by the oxi-
dation catalyst entrance exhaust temperature sensor 22
may be used instead of the second exhaust gas temper-
ature Tg2 detected by the filter entrance exhaust tem-
perature sensor 23.
[0046] Checking of the second exhaust gas tempera-
ture Tg2 (catalyst temperature index temperature) is per-
formed at step S13. When the second exhaust gas tem-
perature Tg2 is lower than the first determination tem-
perature Tc1 calculated at step S12, the first exhaust gas
temperature rise control is performed for a predetermined
period of time (time related to an interval of checking the
second exhaust gas temperature Tg2 at step S13) ∆t1
at step S14.
[0047] In the first exhaust gas temperature rise control,
the engine speed of idling is made to be a first objective
engine speed Nei1, and at the same time, the multi-in-
jection that is not accompanied with the post-injection is
performed. The first objective engine speed Nei1 is a
larger value than the normal engine speed of idling Nei0.
Thus, the temperature rise efficiency of the exhaust gas
is improved. The first objective engine speed Nei1 is set
to be approximately 1.6 to 1.8 times the normal engine
speed of idling Nei0 although it depends on types of en-
gines, etc. Further, in the first exhaust gas temperature
rise control, the temperature rise property is improved by
using an exhaust gas throttle and an exhaust brake to-
gether.
[0048] After step S14, it is returned to step S12. Fur-
ther, when the second exhaust gas temperature Tg2 is
not less than a predetermined first determination tem-
perature Tc1 in the determination of step S13, it proceeds
to step S15.
[0049] Moreover, both the second exhaust gas tem-
perature Tg2 detected by the filter entrance exhaust tem-
perature sensor 23 and the first exhaust gas temperature
Tg1 detected by the oxidation catalyst entrance exhaust
temperature sensor 22 can be used as the catalyst tem-
perature index temperature that indexes the temperature
of the oxidation catalyst. In this case, the first determina-

tion temperature Tc1 and a third determination temper-
ature Tc3 are used as a predetermined determination
temperature for both temperatures Tg2 and Tg1, respec-
tively. When the second exhaust gas temperature Tg2
exceeds the first determination temperature Tc1 and the
first exhaust gas temperature Tg1 exceeds the third de-
termination temperature Tc3, unburned fuel is supplied
by the post-injection in the upstream side of the oxidation
catalyst device 12a.
[0050] In this case, step S12 and step S13 in Fig. 2
are replaced with step S12A and step S13A in Fig. 3. At
step S12A, the third determination temperature Tc3 is
calculated in addition to the first determination tempera-
ture Tc1.
[0051] Further, at step S13A, whether the second ex-
haust gas temperature Tg2 is not less than the first de-
termination temperature Tc1 or not and whether the first
exhaust gas temperature Tg1 is not less than the third
determination temperature Tc3 or not are determined.
Then, only when the second exhaust gas temperature
Tg2 is not less than the first determination temperature
Tc1 and the first exhaust gas temperature Tg1 is not less
than the third determination temperature Tc3; otherwise,
it proceeds to step S15, and it proceeds to step S14.
[0052] At step S15, the second determination temper-
ature Tc2 is calculated. The second determination tem-
perature Tc2 is an objective temperature of the second
exhaust gas temperature rise control at step S17. By
maintaining the second exhaust gas temperature (filter
temperature index temperature ) Tg2 that is the temper-
ature of the exhaust gas detected by the filter entrance
exhaust temperature sensor 12 to be not less than the
temperature Tc2 , the combustion of PM trapped in the
filter device with the catalyst 12b is maintained in a good
condition. The second determination temperature Tc2 is
normally made to be a higher value than a PM combus-
tion starting temperature (approximately 350°C for ex-
ample), for example, approximately at 500°C. Further,
the value of the second determination temperature Tc2
may be changed in multiple stages depending on time.
[0053] At step S16, checking of the second exhaust
gas temperature (filter temperature index temperature)
Tg2 is performed. When the second exhaust gas tem-
perature Tg2 is lower than the second determination tem-
perature Tc2, it proceeds to the second exhaust gas tem-
perature rise control at step S17. When the second ex-
haust gas temperature Tg2 is not less than the second
determination temperature Tc2, it proceeds to the regen-
eration temperature maintaining control at step S18. At
step 17, the second exhaust gas temperature rise control
is performed for a predetermined period of time (time
related to the interval of checking the second exhaust
gas temperature Tg2 at step S16) ∆t2.
[0054] In the second exhaust gas temperature rise
control, the engine speed of idling is made to be a second
objective engine speed Nei2. The second objective en-
gine speed Nei2 is set to be smaller than the first objective
engine speed Nei1 in order to improve the fuel efficiency
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and the noise. However, in order to improve the temper-
ature rise efficiency of the exhaust gas, it is set to be a
larger value than that of the normal engine speed of idling
Nei0. The second objective engine speed Nei2 depends
on the types of the engines. However, it is set to be 1.3
to 1.5 times the normal engine speed of idling Nei0.
[0055] Then, the post-injection is performed in addition
to the multi-injection, increase of the exhaust gas tem-
perature is continued by the multi-injection, and at the
same time, unburned fuel (HC) is supplied in the exhaust
gas with the post-injection. The unburned fuel is oxidized
in the oxidation catalyst device 12a, and the temperature
of the exhaust gas is further increased by oxidization
heat. When the increased temperature Tg2 of the ex-
haust gas reaches not less than the second determina-
tion temperature Tc2, the combustion of the PM trapped
in the filter device with the catalyst 12b is promoted. More-
over, in the second exhaust gas temperature rise control,
the second exhaust gas temperature Tg2 may be in-
creased continuously to the objective temperature Tc2
of the control. Or, the temperature may be increased in
two stages or multiple stages. Further, in the second ex-
haust gas temperature rise control, the exhaust throttle
control by the exhaust brake valve 18 is also used, and
the temperature rise property is improved. After step S17,
it proceeds to step S19.
[0056] Then, when the second exhaust gas tempera-
ture Tg2 is not less than the second determination tem-
perature Tc2 in the determination at step 16, the regen-
eration temperature maintaining control that performs the
multi-injection in injection in an in-cylinder (in a cylinder)
of the engine 10 is performed for a predetermined period
of time (time related to the interval of checking the second
exhaust gas temperature Tg2 at step S16) ∆t3.
[0057] In the regeneration temperature maintaining
control, increase of the temperature of the exhaust gas
is continued by continuation of the multi-injection while
maintaining the engine speed of idling at the second ob-
jective engine speed Nei2. However, supply of the un-
burned fuel into the exhaust gas is stopped by stopping
the post-injection, and increase of the temperature is con-
trolled so that the temperature Tg2 of the exhaust gas
flowing into the filter device with the catalyst 12b does
not become excessively higher. With the temperature
rise control of the exhaust gas, abnormal combustion in
the filter device with the catalyst 12b can be prevented.
[0058] Further, at step S18, counting of the PM com-
bustion cumulative time is performed. In this counting,
the PM combustion cumulative time ts is counted only
when the second exhaust gas temperature Tg2 is not
less than the predetermined second determination tem-
perature Tc2 (ta = ta + ∆t3). After step S18, it proceeds
to step S19.
[0059] At step S19, checking of the PM combustion
cumulative time ta is performed to determine whether the
regeneration control is completed or not. In this checking,
whether the PM combustion cumulative time ta exceeds
a predetermined determination time Tac or not is deter-

mined. That is, when it is exceeded, it is determined that
the regeneration control completed, and it proceeds to
step S20. When it is not exceeded, it is determined that
the regeneration control is not completed, and it returns
to step S12. Then, until the PM combustion cumulative
time ta exceeds the predetermined determination time
tac, the first exhaust gas temperature rise control at step
S14, the second exhaust gas temperature rise control at
step S17, or the regeneration temperature maintaining
control at step S18 is performed.
[0060] Then, at step S20, the regeneration control is
completed, the exhaust throttle valve 13 and the exhaust
brake valve 18 are returned to the normal driving state,
and it returns to a normal injection control. After that, it
returns.
[0061] Moreover, during these controls, the start of
driving the vehicle is always monitored. When driving is
started, it proceeds to the return, the control flow is sus-
pended, and it returns to a predetermined control such
as the regeneration control during driving and the normal
driving control.
[0062] With the regeneration control while the vehicle
is stopped, the following control can be performed. Dur-
ing the regeneration control when the vehicle mounted
with the diesel engine 10 is stopped, when the second
exhaust gas temperature (catalyst temperature index
temperature ) Tg2 detected by the filter entrance exhaust
temperature sensor 23, that is the temperature of the
exhaust gas flowing into the filter device with the catalyst
12b, is lower than the predetermined first determination
temperature Tc1, the engine speed of idling is made to
be the first objective engine speed Nei1, and at the same
time, the first exhaust gas temperature rise control that
performs multi-injection that does not accompany post-
injection is performed in the injection control in the in-
cylinder. Thus, the second exhaust gas temperature Tg2
can be increased to the predetermined first determination
temperature Tc1.
[0063] Then, when the temperature (catalyst temper-
ature index temperature) Tg2 of the exhaust gas flowing
into the filter device with the catalyst 12b is not less than
the predetermined first determination temperature Tc1,
the engine speed of idling is made to be the second ob-
jective engine speed Nei2, and at the same time, the
second exhaust gas temperature rise control that per-
forms the post-injection in addition to the multi-injection
is performed in the fuel injection control in the in-cylinder.
Thus, the temperature (filter temperature index temper-
ature) Tg2 of the exhaust gas flowing into the filter device
with the catalyst 12b can be increased to the predeter-
mined second determination temperature Tc.
[0064] Further, when the temperature (filter tempera-
ture index temperature) Tg2 of the exhaust gas flowing
into the filter device with the catalyst 12b is higher than
the predetermined second determination temperature
Tc2, the regeneration temperature maintaining control
that performs the multi-injection that does not accompany
the post-injection is performed in the fuel injection control
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in the in-cylinder. Thus, the oxidation catalyst is kept not
less than the activation temperature, and at the same
time, abnormal combustion in the filter device with the
catalyst 12b can be prevented.
[0065] Furthermore, until a time when the second ex-
haust gas temperature (filter temperature index temper-
ature) Tg2 that is the temperature of the exhaust gas
flowing into the filter device with the catalyst 12b is not
less than the predetermined second determination tem-
perature Tc2 exceeds a predetermined determination
continuation time tac, the first exhaust gas temperature
rise control, the second exhaust gas temperature rise
control, and the regeneration temperature maintaining
control are performed. Thus, the regeneration of the filter
device with the catalyst 12b can be performed.
[0066] Therefore, according to the regeneration con-
trol, because the engine speed of idling is made to be
high in the first exhaust gas temperature rise control that
performs the multi-injection that does not accompany the
post-injection when the exhaust gas is at a low temper-
ature, the temperature rise efficiency can be improved.
Further, because the amount of increasing the engine
speed of idling is made to be decreased more than that
during the first exhaust gas temperature rise control in
the second exhaust gas temperature rise control that per-
forms the post-injection when the exhaust gas is at a high
temperature, an improvement of the fuel efficiency and
the reduction of the noise can be attained. As a result,
during the regeneration control when the vehicle is
stopped, deterioration of the fuel efficiency can be pre-
vented while increasing the temperature rise efficiency,
and at the same time, noise generation can be avoided,
and the regeneration control can be performed with good
efficiency.
[0067] Moreover, as an example in the above-men-
tioned embodiment, the exhaust gas purification device
of the exhaust gas purification system is described using
a combination of the oxidation catalyst device in the up-
stream side and the filter with a catalyst (DPF) in the
downstream side. However, a filter (DPF) carrying the
oxidation catalyst may also be used.
[0068] Further, although descriptions have been omit-
ted in the above-mentioned control flows in Fig. 2 and
Fig. 3 in order to avoid becoming complex, generally, a
configuration may also be used so as to monitor the sec-
ond exhaust gas temperature (filter temperature index
temperature) Tg2 all the time in order to avoid the abnor-
mal combustion of the PM in the filter with the catalyst
12b.
[0069]  A method for controlling an exhaust gas puri-
fication system and the exhaust gas purification system
according to the present invention having the above-
mentioned superior effects can be used extremely effec-
tively in an exhaust gas purification system including an
exhaust gas purification device including an oxidation
catalyst device carrying an oxidation catalyst and a DPF
device in order from the upstream side in an exhaust
passage of an internal combustion engine or an exhaust

gas purification device including a DPF device carrying
an oxidation catalyst.

Claims

1. A method for controlling an exhaust gas purification
system, comprising: an exhaust gas purification de-
vice including an oxidation catalyst device for carry-
ing an oxidation catalyst and a diesel particulate filter
device in order from an upstream side in an exhaust
passage of an internal combustion engine, or an ex-
haust gas purification device including a diesel par-
ticulate filter device for carrying an oxidation catalyst;
index temperature detection means for detecting a
catalyst temperature index temperature that indexes
the temperature of the oxidation catalyst; a control
device for performing regeneration control based on
a detection result of the index temperature detection
means in order to recover a purification capacity of
the diesel particulate filter device,
characterized in that during regeneration control
when a vehicle mounted with the internal combustion
engine is stopped,
a first exhaust gas temperature rise control is per-
formed to make an engine speed of idling to a pre-
determined first objective engine speed that is higher
than the engine speed of idling in a normal operation
when a catalyst temperature index temperature is
lower than a first determination temperature, and a
second exhaust gas temperature rise control is per-
formed to make the engine speed of idling lower than
the predetermined first objective engine speed and
a predetermined second objective engine speed that
is higher than the engine speed of idling in the normal
operation when the catalyst temperature index tem-
perature is not less than the predetermined first de-
termination temperature.

2. The method for controlling the exhaust gas purifica-
tion system according to Claim 1, characterized in
that multi-injection is performed with fuel injection
control in an in-cylinder in the first exhaust gas tem-
perature rise control, and post-injection is performed
in addition to the multi-injection with the fuel injection
control in the in-cylinder in the second exhaust gas
temperature rise control.

3. The method for controlling the exhaust gas system
according to Claim 2, characterized in that during
the regeneration control when the vehicle mounted
with the internal combustion engine is stopped, re-
generation temperature maintaining control is per-
formed in which the post-injection is not performed
with the fuel injection control in the in-cylinder when
a filter temperature index temperature that indexes
a temperature of the diesel particulate filter device
is higher than the predetermined second determina-
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tion temperature that is higher than the first determi-
nation temperature.

4. The method for controlling the exhaust gas purifica-
tion system according to any one of Claims 1 to 3,
characterized in that manual regeneration control
is included in the regeneration control when the ve-
hicle mounted with the internal combustion engine
is stopped.

5. An exhaust gas purification system comprising: an
exhaust gas purification device including an oxida-
tion catalyst device for carrying an oxidation catalyst
and a diesel particulate filter device in order from an
upstream side in an exhaust passage of an internal
combustion engine, or an exhaust gas purification
device including a diesel particulate filter device for
carrying an oxidation catalyst; index temperature de-
tection means for detecting a catalyst temperature
index temperature that indexes the temperature of
the oxidation catalyst; and a control device for per-
forming regeneration control based on a detection
result of the index temperature detection means in
order to recover a purification capacity of the diesel
particulate filter device,
characterized in that during regeneration control
when a vehicle mounted with the internal combustion
engine is stopped,
the control device performs first exhaust gas tem-
perature rise control to make an engine speed of
idling to a predetermined first objective engine speed
that is higher than the engine speed of idling in a
normal operation when a catalyst temperature index
temperature is lower than a first determination tem-
perature, and performs a second exhaust gas tem-
perature rise control to make the engine speed of
idling lower than the predetermined first objective
engine speed and a predetermined second objective
engine speed that is higher than the engine speed
of idling in normal operation when the catalyst tem-
perature index temperature is not less than the pre-
determined first determination temperature.

6. The exhaust gas purification system according to
Claim 5, characterized in that the control device
performs multi-injection that does not accompany
post-injection with fuel injection control in an in-cyl-
inder in the first exhaust gas temperature rise control,
and performs post-injection with the fuel injection
control in the in-cylinder in the second exhaust gas
temperature rise control.

7. The exhaust gas system according to Claim 6, char-
acterized in that during the regeneration control
when a vehicle mounted with the internal combustion
engine is stopped, the control device performs re-
generation temperature maintaining control in which
post-injection is not performed with the fuel injection

control in the in-cylinder when a filter temperature
index temperature that indexes a temperature of the
diesel particulate filter device is higher than the pre-
determined second determination temperature that
is higher than the first determination temperature.

8. The exhaust gas purification system according to
Claims 5 to 7, characterized in that the control de-
vice includes manual regeneration control in the re-
generation control when the vehicle mounted with
the internal combustion engine is stopped.
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